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AN EIGHT-YEAR CYCLE IN RAINFALL. 

E)' I IENl tY LUDIELL MOORE. 

[Columbin Gnirr, 

The table on Rainfall depart iire8, F d e d  8tntcs ( a s  a um?) 
that appeared in an article by Prof. A. J. Henrv in the 
March number of this REVIEW supplies invaluable dntn 
for the theory of rainfall cycles. In Tnble 1 Professor 
Hemy's figures relatin to the smoothed rninfsll de ar- 
tures are tabulated. l t i e  iiietliod of smoothing the l a t a  
that was followed by Professor Henry is given by the 
formula b = +(a+ 3b + c) wlicre b is the iiiiddle year in any 
consecutive senes of three years." 
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In  Figure 1 the smodied depn.rt,ures are plot,t.ccl 
together with a graph of an eight-j-enr cy le  t.!i:it was 
derived froin the snioot.hec1 depart,urex by t,he 37etiiod u l  
Least Squn.res. The suhstnnt,ial agreciiient of tlir cmi-  
puted cycles with Professor Henry's si1100 t .hd  dep:ir- 
tures Raute n.ux yeus. 

According to the equation of the computcd cprles tlic 
theoret.ica1 ninximn occurred at  about. 1SS2, 18%). 1S:;S, 
1906, 1914. m d  I was about to ndd 1922, sib ncnrly cerhin 
does it seeill that the present, pear mill be c!inr.zct.crizetl 
by an unusudlp large rainfall. In  other places 2 I I~nve. 
shown that eight,-yeur cycles with approsiniixt.ely these 
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.sit)', August 4. P.E.] 

slime dates for ninsiins occur in the rainfall of the Ohio 
Vnllep, the rninfnll of Illinois, the May and June rainfall 
of tlie Ddiot.as. the hnroinetric pressure in the United 
St,ates, the winter bnroniet.ric pressure in Central Europe, 

i 662 16p8f' 7u 1898 1906 1914 1522 
Fro. 1 --'niootlioxd Wwi11rr, or miiihJ1 in the ruitrd States tar a unit). ElllatiM to 

thc ei;ht-)ex r)cle: g= --1.95+0.9n ,in (45Sf4 ?37'), origin at 1w. 

the yield of crops in the United States, the yield of crops 
in the Unitctl Kingdom, the yield of rrops in France, and 
the index number of general wholesale prices thronghout 
a cell tury. 

BROOKS AND GLASSPOOLE ON THE DROUGHT OF 19-71.' 

& A .  J. HEXRY. 

The first section of this paper is devoted to a discussion 
of the 1921 and other dry periods in  the British Isles. 
The second section takes up the causes of droughts and 
i t  is with this section that rea.ders of the REVIEW will be 
particularly in teres ted. 

It is recognized that trhe estublishnient ancl mainte- 
nance of local antic clonic conditions is closely associated 
with dry weather; t K e ininiediate concern, therefore, is to 
discover, if practicable, how the local abnormalities of 
pressure distribution are relnt,ed to otheix in the gcncrlil 
circulation in different parts of tlic world. 

Charts were constructed showing the deviation of 
pressure from the normal over a considerable ortion of 
the Northern Henlisphere for the 1921 and ot. E er severe 
droughts. The eriods are as follows: 

A ril to B ugust, 1864. dy to July, 1868. 
9304-22 -2  

October to January, 1880. 
February to October, 1SS7. 
March to June, 1593. 
February to June 1895. 
January to May, 1896. 
July to October, 1911. 
February to October, 1921. 

The pressure distribution for the above eriods fell 
clearly into two types which were designate a the A and 
the B types. The A type, however, comprised but two 
drowlit,s--Februar to June, 1895, and August to 
Octobr, 1911. d i s  ty e is characterized b high 

fandic rnininiuni is shifted toward West Greenland and 
tlie Azores musimum is feebly developed. In  this case 

rcssure to the north o P the British Isles. T t e  Ice- 

- - 

C .  E. 1'. Brooks and J. Glasspoole: The Drought of 1921, Quart. Jour. A-L 1'11, p. 
139-1186. 
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t.he drought is stlid t.o be due to dry winds rather than t,o 
ant.icgc1onic conditions. Depressions were few nnd 
either passed t.0 the. south iicross the Bay of Biscny or 
descended froin tlie Arc tic Ocean southward or south- 
eadward across Scandinavia. 

T pe B, which includes tlie remainder of blie examples, 
is c P iarwkerized by a region of niasiiuum posit,ive pres- 
sure abnormality centered directly over the British Isles 
amount,ing t,o 4 nib. (0.12 inch) at tlie cent;l.al piirtion. 

Conihining all of the c n s e ~  except. 1595 and 1911 into 
it single chart the result is shown in ii chart of iiict~n 
pressure deviat,ion tis in Figure 1 .  

This chart shows that the pressure aliiiorxdi ty de- 
cremes from 11, i:insiiiiuin o w r  ther Brit.isli Isles bo t.11 t.o 
tlie north ant1 t.o the south. Pressure is I-,i~low tlip nor- 
mal over the Srct,ic Ocean mcl :it. t.hc L'izni-cs. In terms 
of the so-cnllrtl centem of nct,ion it may l ie  said tiit. 
Azores r:iasir!ium is shift,ed to the northr;~.st nild cnn- 
currently the Icelandic inininilim is also sliif t.eil to the 
northeast. l'liesc! two iiioveiiieut.s tire closely relii t.c.11. 
Esner 1ia.s found clefinite negative correlations hetwecii 
polar pressures arid corresponding pressures over west,erii 
and southern Europe. 

Pic. l.-Chart of pressure rlevlntion: mean of seven droughts. 

It is evident, t.herefore, that high pressure in tlic Tum- 
perah Zone is closely assoclat.ed with low pressure near 
t,he poles, at. least in winter. In  order to esamine thc 
yuest,ion niorc closely, t.he nut.liors next, correlated tlir 
pressure at. Vnlencis with corresponding pressures nt 
btykkisholm, Berlin, Pontn Delgada, and Vardo wit.1~ tlie 
result t,liat. V d o  is clefinitdy opposed to Valencm in d 1  
seasons escept summer, ;vl?en it, apparent,ly lies bct,ween 
t.he Europeaii and t,he Arctic rggimes. In this season t.he 
Arctic center lies fnrther nort.h, for, taking bhe 12 years 
which are uiifortunntely d l  t h t  are nvuilsble for bpit.s- 
bergen t.he nut.hors et a correlation nit.h Valcncia of 
- 0.7s in summer. %urt.her, when they calcu1at.e from 
the above coei3icient.s and the standard cleviat.ions the 
difference froni normal corresponding to 4 nib. at Va- 
lencia they find ood agreement with t.lie results shown 
in Figure 1. '&is indicat.es that, drought. condit,ions are 
not isolated phenomena but are merely the est reme cases 
in one direction of the usual rariations to 11-1iich the pres- 
sure clist.ribut,ion, and therefore t.he atniosplieric cir- 
culation, is liable. 

The cause of drought in the British Isles must, t,here- 
fore. be looked for in some variatioii in the strength of the 
atmospheric circulat.ion. As hct.ween t,he pol;. regions 
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and bhe Tropics t,he former is the better of the two as an 
indicat.or of a change in t.he t,emperature gradient, and 
naturally a corresponding change ~n t,he strength of the 
circulat,ion. 

olar re- 
gions is associated with droughts of Type E . Low 
pressure in those regions is nssoc.inted wit.h great stormi- 
iicss and high t.emperature. The c1eart.h of met.eorologica1 
stations in t,he -4rct.k makes it  im ossible to confirm this 
stat,ement, by t,he usual statist.ica P methods ; the belief is 
Clspressed! howercr, t.liat, u-arm werrblier in the Arctic 
t h a n  is msocitLt.erl wit.Ii, and perhaps causes, a more 
northerly position of t,he subtropical anbicyclones and, 
conscqucnt,!y, high pressure over the British Isles. 

Tlic relation of droughts to t.he sunspot, cycle, variation 
ii) t . 1 ~  amount, nntl position of Arctic icc, and t,he periodic 
!uovcniciit of the Icelandic miniilium are nrsb discussed 
in srp:u.atc parngraplis. 

With wftwnce t.o tlic sunspot, relation it, is point.ec1 out 
hii t  nccortling to Fishcr n few yenis (1 to 43) aft,er sun- 
spot, niasimum the -1zores anticyclone tends t.o extend 
noi-:h~:trd o w r  S :tin :ind the Bay of Biscay or even 

Droughts nrc Iiccurclingly iiiost, frecluent at  t l ~ s  stage 
r d  : ) I P  vpde (-1 y-csrs nftm spot. nissiniuni). The dat,a 
of tiroughis nrc, however! so sprca.cl over the cycle that 
t,he result is not of great \due .  
2. iiiov-eineiit uf t.hc 1ce.l:inclir: r:iiniinuni having a period 

of 5 iiimtlis, aincl anotlier hiving it period of 4.S years, is 
dist,inguished. Ac.count.s :is to the interaction of the 
1.rclnndic minimum and the surfiice teinperature of the 
North -1t.lnnt.ic :ire due to several investiga.t.ors. W. 
Meinnrdus and .J. Petersen :ire y t , e d  specifically. 
dccordiiig to them, d e n  the Icelmc ic mininium lies to 
t,he w-cstwtrtl of it.s normal position, say over West 
Greenlanil, the sout.iiwest winds between IceIsnd niid 
nortl:-cst, Europe will he unusudly strong and steady. 
Thcse n-arni minds will rnisc the temperatmure of the sur- 
fnce 1%-nters both by t!icir omi Kg!i temperature and by 
st,rengtliening tlie Gulf Drift. 1his w m n  water after it 
t.inie d r a m  t,he Icelmclic isiiniinuiii enstward and also 
(.XLISCS i t  to  heconic 1110re intense, mliich still further in- 
crei~scs the tenipcrature and velocity of t.lie Gulf Drift.. 
But. ,it also increases the cold currtats, especially the 
Labrndor Current, and cools the Gulf Drift and, after the 
necessary time, this cools the nortlicrn seas and induces 
:t fall of tcniperature over the Northeastern Atlantic, so 
t.hat pressure rises again there and the Icelandic mini- 
11111111 re t.reats westmnrd becoining less intense a t  the 
sttine time. 

This hypothesis was tested by the Reseau Mondial 
c!?nrt,s of pressure deviat.ion for the years 1910-1915 and 
mas found to represent the facts shown there very. 

The short period inovements of tho Icelandic ininiinuin 
from 1910 to 1915 are shown in the statement below: 

The authors show that low pressure in the 

o\ri?r thc Brit.ish 1s r es. 

nccura telg . 

HINIMUX TO WESTWARD. XINIldUY TO EASTWARD. 
! 

August to October, 1910. 
January to May, 1911. 
July to November, 1911. 
April to May, 1913. 
October to November, 1912. 
February, 1913. 
.Tune to September, 1913. , 

July to November, 1914. 
October, 1915. 

! January to July, 1910. 
j November to December, 1910. 
i June, 1911. 
I Decembet, 1911, to March. 1912. 
i June to September, 1312. 
; December, 1912, to January, 1913. 
I March to Mav, 1913. 
1 October, 1913, t o  June, 1914. 

December, 1914 to April, 1915. 
November to December, 1915. 
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Examination of the Reseau Mondial charts sug ests 

Icelandic minimum ranging from Spitsbergen or northern 
Russia to Newfoundland, which takes place much more 
slowly. Since the reatest droughts occur when this 

ally far north toward Spitzbergen, this longer oscillation 
is discussed at  some length. There is strong reasan the 
authors assert for supposing that this northeast-soutii- 
west oscillation of the Icelandic minimum is connect ctl 
with the ice conditions in the Arctic wctters, for drougiits 
of Type B in the British Isles are followed by yews with 
much ice near Iceland. 

The se uence of events leading up to a clrought in tlie 

Spitzbergen is about as follows: In the Arctic Ocean tlie 
temperature is abnormally high and the weather is 
stormy. Consequently, the polar ice is broken up itnil 
much floe and held ice drifts into the East Greenlnntl 
current. Owing to the prevalence of strong westerly 
winds this ice is s read out to the eastward of its normal 
limits and some ofit  collects around tlie shores of Iceland. 
Between Spitzbergen and Iceland the average velocity 
of the ice is about 7 miles ti day, so that it would take 
some 200 days, or nearly 7 months, on the journey, and 
the ice broken up in summer would appenr off Icelancl 
early in tlie following. gear. The Arctic ice generallv 

I t  fol- 
fkvs the southerly current u t h  west, coast of Grecn- 
land nearly as far as Disko fsluid, 70' north. Here it 
is driven westwa.rd by the east.erly winds of spring, nft.er 
which it a ain drifts southward along the western side 

rent, which carries it past Newfoundlmcl into the Gulf 
Drift. 

As the floating ice melts it must cause an appreciuhle 
cooling and this cooling is ropagated to the nort,lieust.- 
ward with the velocity o f  the current md it findly 
reaches the Northeastern Atlantic. Tlie deficit in tem- 
perature of the Gulf Drift is followed by a cold season 
in the Arctic Ocean with high pressure and an absence 
of storminess. IIence there is little loose ice to be swept 

that there is also a northeast-southwest oscillatioii o f the 

minimum is not to t a e west over Greenland but unusu- 

British Is P es with low pressure in the neighborhood of 

asses Cape Farewell in JanuiLry or February. 

of Baffin % ny and Davis Strait into the Labrador Cur- 

into the East, Greenland current and the whole sequence 
be ins again, but with the values reversed. 

%he total length of this path of circulation is about 
7,000 miles and the average velocity of the current is 
about 8 miles a day. This gives a period of 2.4 years 
for a change from warm to cold conditions in the Arctic, 
or 4.S years for the complete cycle, which esactl coin- 
tide with the eriodicity of ice conditions off Ice [ and as 
demonstrated R y Meinard~s.~ 
In regard to forecasting droughts the authors say: 

If prewire hwomes persistently low over the Arctic regions, espe- 
cially at Spitzbergen, the possibility of an approaching drought must 
be considered. If presiure is also low over the Tropics the chances 
are somewhat great.er. especially if the podion in the 11-year solar 
q d e  is favorable and 4 peam have elapsed since the last drought. If 
uiirler these condit.ions pressure becomes high over the Urals or north- 
ern ItiiHiia. it appeam highly probable that. a drought wilhet in within 
the next few months. Unfort,iinar.rly the last. Rource of information is 
st,ill c.loser1 t.o 11s. 

The ronc~liisions reached in this palw require to be verified and 
est.cndec1 h y a niniilar study of exceptionally rainy periods. 

DISCUSSION. 

In the discmsion that followed, Dr. G. C. Simpson 
made the interesting suggestion t,lint an increase in the 
velocity of the whirl about the oles would result in a 
fall in pressure in t,he cent.er an R rise on the mar ins. 
Thus, when the vort,es in the at.niosphere in the nort ern 
regions becomes in t.ensifiec1, the pressure in the polar 
reg.ions is decreased while that in the surrounding belt 
is uwreased. This causes the Azores high pressure to 
move fart.lier north and the movement of this high res- 
sure alters the whole of t,he cliniatic conditions of E ng- 
land. 

Doctor Simpson nlso remarked t,hat t,he place to look 
for forecasts and the niechanisni of the whole thing was 
in the upper z~tmos here where the whirl is t.o he found. 

the pressure changes are not localized in that part of 
the world in which the rainfall shows the greatest abnor- 
mitlities. 

a R 

He dso reninrl<ecl t 7 iat probably it would be found that 

. . - - . .. .. . .. - .. .- .. . . . .. .. . . - . .. - . 

8 Ann. Hydrogr. Rcrlin, 3.1, 1906, pp. 14s. 227, 5 s .  

BRIEF DESCRIPTION OF A NEW DIAL FOR THE ANEROID. 

By JOSE CARLOS M I L L ~ ~ R ,  Director. 

[Obserratorio Nacional. Hnhano, Cuba. June 20, 192.1 

Facin always the difficulties of obtaining good obser- 

the usud dial of the aneroid bitrometer for a simpler one, 
such as could be read without trouble and without tr:tin- 
ing, presented itself as a solution to the problsm constantly 
encountered by the Observatorio Nacional of Cuba. 

When a meteorological service has to depend on obser- 
vations made by nontechnical observers, the grsat,est 
pains should be taken to insure accurac.y with the. least 
possible labor to the observer. Our esperience of many 
years in receivin daily telegrams from such a class of 

dial. 
urpose should be a good 

lines are absent. Instead, a system of short words is 
inserted, say for every millimeter of ressure. In our 

about 5 inches in diameter. Tlie words were not ~vell 
inter ,  as those dials were printed on 

value of the space from word to word. 

vations I rom untrained observers, the idea of changing 

observers compel f ed us to use the aneroid with the new 

aneroid, with as large a dia P as possible. All division 

instruments the circle described by t K e index hand is 

Eristol board; t E erefore, we had to determine the esact 

The instrument for this 

laced by the 

(See fig. 1.j 

These short words are so chosen that no confusion 
whatever is ossible in the telegraphic transmission of the 
message. !&e observer sends the word nearest to the 
indes or, if it falls between two words, both are sent at  
the same timc ns one word. In  this manner, the instru- 
ment reads t.0 half a millimet.er (0.02 inch). Before 
reading, the observer should tap the instrument lightly. 
In our dials we place a sign that sa.-: Golpear el &tal 
anfea dr her;  the observer on facin the instrument reads 

This is the only weak point of the barometer, as the 
observer mav forget to tap it liohtly before reading. To 
avoid this, the instrument coulg be placed in a case with 
a small door, and a mechanism attached to it so that the 
instrument would be tapped mechanically by the opening 
of the door. Then the only thing the observer would have 
to do iould be to read the word or words. 

We take away t.he hand-moved index that usually 
acconipanies t.his class of barometers: it is not needed and 
may introduce errors. The correction screw is covered 
so as to make the barometer foolproof. 

that the glass should be tap ed lig % tly before reading, a 
most mec?sea.ry operafhic, mt P 1 t.his class of instruments. 


